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T has long been a cherished hope of some peoPle that measurements of unsteady burning in the laboratory should be applicable to the very important practical problem of instabilities in a rocket chamber. In this Note, we wish to describe what appears to be the first experimental verification of this idea.
The T-burner is a simple device intended to provide information about the response of a burning solid to oscillatory pressure changes. By suitable interpretation of the pressure in such a burner, it is possible to infer a quantity called the admittance function, the ratio of the change in the gas velocity at the flame to a small fluctuation of pressure. In normalized form, this function is
The first ratio in the brackets is usually called the response function. For the computation of stability boundaries in a rocket, one needs the complex function Ab, and fortunately the T-burner provides this directly. (On the other hand, data taken in an L*-burner will give the response function.)
By far the most· thorough experimental study of the stability characteristics of a solid propellant rocket was reported by Brownlee and Marble.! The measurements were taken in cylindrical rockets of different lengths (17-44 in.) and having port diameters in the range 1.5-5.5 in. In virtually all cases of instability, the same acoustic mode was found, namely the first tangential, having the form cosIJJ1(r), with no axial variations to first order.
Somewhat later, an analysis was devised 2 to compute the stability of waves in a combustion chamber, and applied to the stability boundary observed in Ref. 1 . It was found that much of the behavior could be explained in terms of a linear theory accounting for the influence of the mean flow, viscous damping at the head end of the chamber, and the driving associated with the interaction between pressure changes and combustion at the solid surface. The formula deduced for the stability boundary is Eq. (26) 
Here, the definition of Ab is Mb times the definition used in Note that only the real part A b (') of the response function affects the stability boundary. The imaginary part causes a small shift in the frequency of a mode, which cannot be distinguished experimentally.
The formula (2) represented quite well the shift of the stability boundary with length, a consequence of including the viscous damping at the head end. In addition, the data gave the stability boundary as a straight line for Kn vs Dp: if L = 31 in., Kn = 66.1 Dp with Dp in inches. Equivalently, since the frequency of the mode observed depends principally on the diameter of the chamber, one has experimentally Kn vs j, the frequency in cycles/sec.
But at the time when the work of Ref. 2 was performed, information on. the response function was even more uncertain than at the present time; hence, formula (2) was used with the experimental result Kn = 66.1 Dp to determine what the admittance function would have to be to produce the stability boundary observed. The result appeared in Fig.  4 of Ref. 2 and is reproduced here as the dashed line in Fig.  1 . It was recognized at that time that the response found in that way was unusually flat and significantly smaller than available measurements of the response function for other propellants. Fig. 1 for three different mean pressures, 315, 415, and 615 psia. This covers the range of the data reported by Brownlee and Marble; the stability boundary is really for the initial part of a firing when the mean pressure was 300-400 psia.
The qualitative agreement between the data and the result found in Ref. 2 is very satisfactory; quantitatively, the .agreement is substantially better than one could reasonably have expected. Owing to experimental errors, the uncertainty in the data is around 5%. The general shape of the admittance function implied by these results is similar to that of other propellants, although the peak appears to be at an unusually low frequency. Also, the response may be atypically flat at higher frequencies.
Thus, it appears that the T-burner may indeed provide quite reliably the crucial information required for assessment of the stability of small amplitude pressure oscillations in a solid rocket. One cannot, of course, exclude the possibility of compensating errors or omissions in both the analysis of Ref. 2 and the measurements cited here, but this question cannot be refuted or resolved at the present time.
Moreover, if the favorable comparison exhibited here is correct, it lends support to the main conclusions of Ref. 4 . In that work, data obtained in both T-burner and L*-burner tests of several different propellants were compared with the existing theory of the response. Substantial qualitative differences were discovered, of such a character that the theoretical models rather than the experimental techniques seemed likely to be in error. The evidence shown in Fig. 1 does not involve any theory of the response function itself and thus bears only on the experimental results obtained from the T-burner.
